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Description 

This  invention  relates  generally  to  a  micropro- 
gram  sequence  controller  for  controlling  the  se- 
quence  of  execution  of  microinstructions  stored  in 
a  microprogram  memory,  and  preferably  to  a 
microprogram  sequence  controller  having  on-chip 
circuitry  which  affords  user-selectable  operation  of 
the  controller  in  either  an  interrupt-mode  or  a  trap- 
mode. 

Reference  may  be  made  to  our  copending 
European  Patent  Application  85  303224.1 
(published  as  EP-A-0167  241). 

Typically,  microprogrammed  systems  are  con- 
structed  from  a  variety  of  very  large  scale  in- 
tegrated  circuit  (VLSI)  chips  used  as  building 
blocks  in  an  architecture  which  can  be  divided  into 
two  subsections:  a  control  section  that  supervises 
the  order  and  decoding  of  instructions  to  he  ex- 
ecuted,  and  a  data  processing  section  which  per- 
forms  the  operations  called  for  by  the  instructions 
on  the  data.  The  control  section  normally  includes 
a  microprogam  sequence  controller  that  issues 
microprogram  addresses,  and  a  microprogram 
memory  which  contains  microinstructions. 

Each  microinstruction  includes  a  plurality  of 
bits  to  control  the  element  with  the  data  processing 
section.  In  addition,  the  microinstruction  may  have 
a  peripheral  control  portion  comprising  a  plurality 
of  bits  communicated  to  an  "intelligent"  peripheral 
unit  so  that  when  called  upon  to  receive  or  transmit 
data  to  the  host  microprogrammed  system,  the  call 
requires  a  minimum  of  time  and  control  by  the  host 
microcomputer.  In  peripheral  controller  operation, 
the  microcomputer  is  often  faced  with  the  require- 
ment  for  the  efficient  synchronization  and  response 
to  asynchronous  events  such  as  power  failure,  ma- 
chine  malfunctions,  control  panel  service  requests, 
external  timer  signals,  and  input/output  device  ser- 
vice  requests.  Handling  these  asynchronous 
events,  in  terms  of  response  time,  systems 
throughput,  hardware  costs,  and  memory  space 
required,  is  a  true  measure  of  the  performance  of 
the  system. 

One  approach  to  handling  asynchronous 
events  is  to  incorporate  circuitry  that  provides  a 
status  indicator  associated  with  each  possible 
asynchronous  event.  The  microcomputer  system 
then  tests  each  indicator  in  sequence  and,  in  effect, 
"asks"  if  service  is  required.  This  is  typically  re- 
ferred  to  as  the  "polling"  method  and  is  often 
microprogram  software  implemented.  This  polling 
method,  however,  consumes  time  and  micropro- 
gram  memory  space.  System  throughput  is  de- 
creased,  response  time  increased,  and  micropro- 
gram  memory  space  that  could  otherwise  be  used 
for  additional  purposes  dedicated  to  handling  re- 
sponses  to  these  asynchronous  events. 

Asynchronous  events  can  also  be  handled  via 
what  is  termed  an  "interrupt"  technique  whereby 
the  event  generates  a  request  signal.  The  micro- 
computer  system,  upon  receipt  of  the  request  sig- 

5  nal,  may  suspend  the  program  it  is  presently  ex- 
ecuting,  execute  an  event  service  routine,  then 
resume  execution  of  the  suspended  program.  This 
method,  at  the  additional  expense  of  circuitry,  is 
preferred,  particularly  in  high  performance  operat- 

io  ing  systems.  The  microcomputer  is  not  burdened 
with  having  to  poll  all  status  signals.  Rather,  a 
service  routine  is  executed  only  when  requested. 
Thus,  the  system  is  more  efficient  since  response 
time  is  faster;  and  it  is  this  low  response  time  that 

75  is  sought  by  the  high  performance  data  processing 
systems  of  today. 

Yet,  there  still  exists  certain  problems  and  dis- 
advantages  using  the  interrupt  technique  with  to- 
day's  available  bipolar  microcomputer  systems. 

20  Presently,  additional  circuitry  is  necessary  and  the 
sequencer  must  be  programmed  to  take  the  time 
to  service  the  interrupt  request  circuitry  itself.  Fur- 
thermore,  an  interrupt  technique  is  usually  imple- 
mented  so  that  before  suspending  the  program 

25  presently  executing,  the  micro-instruction  being  ex- 
ecuted  at  the  time  the  interrupt  request  signal  is 
received  is  allowed  to  be  completed.  The  resulting 
newly-updated  contents  of  all  registers,  the  pro- 
gram  counter,  and  certain  other  quantities  are 

30  saved  and  then  control  is  transferred  to  the  appro- 
priate  interrupt  event  service  routine. 

However,  certain  asynchronous  events  are  of 
such  a  nature  that  completion  of  the  presently- 
executing  microinstruction  will  cause  irreversible 

35  error.  For  example,  if  the  present  microinstruction 
calls  for  writing  a  word  to  memory  across  a  word 
boundary  in  a  single  cycle.  To  avoid  such  error, 
present  microprogram  sequence  controllers  must 
be  specially  equipped  with  a  substantial  amount  of 

40  external  logic  circuitry  to  implement  what  is  termed 
a  "trap". 

Attendant  to  such  circuitry  is  an  increased  chip 
count,  chip  costs,  pin  inter-connection,  space  re- 
quirements,  and  inter-chip  signal  propagation  de- 

45  lay. 
United  States  Patent  Specification  No. 

4,398,244,  discloses  a  typical  microprogram  se- 
quencer  controller  arranged  to  cyclically  process 
microinstructions  and  generate  instruction  address- 

50  es  or  an  output  bus,  which  is  adapted  to  respond  to 
and  handle  the  consequences  of  an  interrupt  sig- 
nal. 

The  present  invention  as  claimed  is  directed  to 
a  microprogram  sequence  controller  having  cir- 

55  cuitry  that  permits  both  "interruption"  and 
"trapping"  of  presently-executing  instruction 
streams.  In  any  given  application,  the  particular 
method  of  handling  an  asynchronous  event  is  read- 
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ily  chosen  by  the  user  by  applying  a  particular  set 
of  external  signals  to  the  controller's  terminal  pins. 
The  overall  controller  architecture  is  structured  so 
that  it  can  be  fabricated  as  a  single  integrated 
circuit. 

According  to  the  present  invention  as  claimed, 
a  microprogram  controller,  used  as  an  address 
sequencer  intended  for  controlling  the  sequence  of 
execution  of  microinstructions  stored  in  a  micropro- 
gram  memory,  is  provided  with  circuitry  that  auto- 
matically  allows  the  controller  to  abort  execution  of 
the  presently-executing  microinstruction  and 
branch  to  a  predetermined  subroutine  in  response 
to  a  request  for  asynchronous  event  handling 
(hereinafter  "trap").  The  controller  includes  circuitry 
for  generating  sequential  addresses  that  are  ap- 
plied  to  the  microprogram  memory  for  accessing  a 
sequential  set  of  microinstructions,  a  program  ad- 
dress  register  that  holds  the  generated  address,  a 
random  access  memory  (RAM),  a  last-in,  first-out 
stack,  and  interrupt/trap  handling  logic  circuitry. 

When  an  asynchronous  event  handling  request 
is  received,  the  interrupt/trap  handling  logic  deter- 
mines  which  mode  is  to  be  employed  to  service 
the  request,  i.e.,  by  interrupting  the  present  instruc- 
tion  stream  following  execution  of  the  presently- 
executing  microinstruction,  or  by  trapping  the 
presently-executing  microinstruction  stream  and 
aborting  the  presently-executing  microinstruction  as 
selected  by  external  signals.  The  logic  circuitry  will 
store  the  information  presently  extant  in  the  con- 
troller  to  allow  it  to  return  to  the  proper  point  in  the 
presently-executing  stream,  i.e.,  either  the  microin- 
struction  next-following  the  one  interrupted,  or  the 
microinstruction  executing  when  it  was  trapped, 
after  the  subroutine  has  been  completed  which 
services  the  asynchronous  event. 

The  interrupt/trap  handling  logic  of  the  present 
invention  can  handle  any  level  of  nesting  of 
interrupts/traps.  For  a  fuller  understanding  of  the 
nature  and  advantages  of  the  invention,  reference 
should  be  had  to  the  ensuing  detailed  description 
taken  in  conjunction  with  the  accompanying  draw- 
ings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  illustrates  a  typical  application  of  the  trap 
handling  microprogram  sequence  controller  of 
the  present  invention  in  a  microprocessor; 
Figs.  2A  and  2B  are  functional  block  diagrams 
of  the  trap  handling  microprogram  sequence 
controller  of  the  present  invention; 
Fig.  3A  is  a  diagram  of  the  interrupt/trap  detect 
circuit  used  in  the  interrupt/trap  logic  circuit  of 
the  invention  of  Figs.  2A  and  2B; 
Fig.  3B  is  a  diagram  of  the  carry-in  to  incremen- 
ter  circuit  used  in  the  incrementer  of  the  inven- 

tion  of  Figs.  2A  and  2B. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

5 
A.  General 

Many  programmable  digital  devices  today  uti- 
lize  microprogramming.  In  such  devices,  a  large 

io  portion  of  the  device's  control  is  performed  utilizing 
a  read-only-memory  (ROM)  rather  than  large  arrays 
of  gates  and  flip-flops.  This  technique  frequently 
reduces  the  package  count  in  the  digital  device 
and  provides  a  highly  ordered  structure,  not 

is  present  when  random  logic  is  used.  Moreover, 
microprogramming  makes  changes  in  the  device's 
instruction  set  very  simple  to  perform,  reducing 
post-production  engineering  costs  for  the  device 
substantially. 

20  Fig.  1  illustrates  the  typical  microprocessor 
system  architecture  used  in  a  programmable  digital 
device  and  can  be  divided  into  two  distinct  sec- 
tions:  an  instruction  acquisition  and  processing  sec- 
tion  A  on  the  left  and  a  data  acquisition  and  pro- 

25  cessing  manipulation  section  B  on  the  right.  Sec- 
tion  A  has,  as  its  heart,  the  microprogram  se- 
quence  controller  of  the  present  invention,  gen- 
erally  designated  with  the  reference  numeral  10. 
The  data  acquisition  and  manipulation  section  B 

30  includes  the  data  processing  circuits,  generally 
designated  as  12,  which  includes  the  working  reg- 
isters  14,  the  arithmetic  logic  unit  (ALU)  16  and  the 
status  register  18.  The  data  processing  circuits 
process  data  acquired  from  memory  20  by  per- 

35  forming  whatever  operations  are  required  by  the 
"machine"  instruction  pointed  to  by  the  data  ac- 
quisition  circuits,  generally  designated  as  21,  as 
addressed  by  program  counter  22  and  accessed 
via  the  memory  address  register  24.  Each 

40  "machine"  instruction  is  implemented  on  the 
microprocessor  by  a  sequence  of  microinstructions 
selected  by  the  microprogram  sequence  controller 
10. 

While,  for  the  purposes  of  discussion,  certain 
45  of  the  blocks  shown  in  Fig.  1  are  shown  explicitly 

interconnected  by  designated  lines,  it  is  to  be 
understood  that  data  communication  between  any 
of  the  blocks  shown  can  be  effected  along  the 
bidirectional  data  bus  26.  Similarly  addresses  can 

50  be  communicated  between  any  of  the  blocks 
shown,  on  address  bus  28. 

Microprogram  sequence  controller  10  gener- 
ates  addresses  that  determine  the  sequence  of 
microinstructions  that  ultimately  issue  from  the 

55  microprogram  memory  30.  The  addresses  gen- 
erated  by  the  microprogram  sequence  controller  10 
are  conducted  from  DATA  OUT  terminals  of  con- 
troller  10  on  a  "Y"  address  bus  32  to  the  address 

3 
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circuits  (not  shown)  of  the  microprogram  memory 
30.  With  the  application  of  such  microinstruction 
addresses,  the  microprogram  memory  30  will  is- 
sue,  on  the  microinstruction  bus  34,  microinstruc- 
tions,  usually  of  a  word  length  on  the  order  of  32  or 
more  bits. 

The  microinstruction  bus  34  conducts  the 
microinstructions  to  the  data  inputs  of  a  pipeline 
register  36,  which  accepts  and  temporarily  holds 
the  microinstruction.  While  the  microinstruction  is 
contained  in  pipeline  register  36,  output  lines  of  the 
register  go  out  to  the  various  system  elements, 
including  a  portion  of  the  microinstruction  which  is 
returned  to  the  sequencer  controller  to  determine 
the  address  of  the  next  microinstruction  to  be  ex- 
ecuted.  That  next  address  is  computed  by  the 
microprogram  sequence  controller  10,  conducted 
to  the  microprogram  memory  30  via  the  "Y"  ad- 
dress  bus  32,  and  the  next  microinstruction  sits  at 
the  input  of  the  pipeline  register  36. 

Those  portions  of  the  microinstruction  that  are 
returned  to  the  microprogram  sequence  controller 
10  include  a  6-bit  controller  instruction  word,  con- 
ducted  on  a  controller  instruction  bus  38  and  a 
multi-bit  data  word  that  is  conducted  on  a  controller 
data  bus  40  to  the  data  bus  inputs  of  the  sequence 
controller  10. 

Other  portions  of  the  microinstruction  are  con- 
trol  signals  which  are  conveyed  to  the  data  pro- 
cessing  circuits  12  along  processor  instruction  bus 
42.  These  signals  cause  data  to  be  transferred 
from  memory  20  to  the  working  register  14  and 
then  processed  by  the  arithmetic  logic  unit  16  and 
the  result  transferred  to  memory  20.  During  the 
processing  of  the  data  the  processor  may  set  cer- 
tain  bits  in  status  register  18.  The  processor  device 
can  communicate  this  information  to  the  micropro- 
gram  sequence  controller  10.  For  example,  the 
status  register  18  signals  may  be  placed  on  the 
condition  test  (CT)  output  of  the  data  processing 
circuits  includes  circuitry  that  can  multiplex  a  plu- 
rality  of  condition  test  signals  to  the  CT  output.  A 
detailed  description  of  data  processing  circuits  pro- 
viding  the  functions  herein  described  is  supplied  in 
"Bit-Slice  Microprocessor  Design"  by  John  Mick 
and  Jim  Brick,  McGraw-Hill,  1980  ISBN  0-07- 
041781-4. 

The  test  signals  appearing  at  the  CT  output  of 
the  data  processing  circuits  12  are  applied  to  the 
TEST  inputs  of  the  microprogram  controller  10,  via 
the  status  signal  lines  44,  where,  under  control  of 
the  select  inputs  S0-S3,  they  are  used  to  con- 
ditionally  modify  the  address  that  will  be  presented 
to  the  microprogram  memory  30. 

Microinstruction  "branch"  addresses  can  be 
obtained  from  any  one  of  five  sources:  first,  from 
the  controller  data  bus  40  to  the  DATA  IN  inputs 
of  the  microprogram  sequence  controller,  where  it 

is  used  for  microprogram  addresses.  A  second 
possible  source  of  microinstruction  addresses  is 
from  a  mapping  read-only-memory  (ROM)  50 
which  is  connected  via  a  microinstruction  register 

5  51  to  the  AUX  DATA  IN  inputs  of  the  micropro- 
gram  sequence  controller  10.  These  addresses  are 
utilized  by  certain  microinstructions  as  an  alter- 
native  to  the  addresses  on  the  DATA  IN  inputs. 
The  mapping  ROM  50  typically  contains  the  start- 

io  ing  microroutine  "branch"  address  and  is  itself 
addressed  by  the  output  of  the  instruction  register 
52.  The  instruction  register  52,  in  turn,  is  provided 
with  a  "machine  instruction"  from  memory  20  un- 
der  the  direction  of  program  counter  22.  The  ma- 

is  chine  instruction  is  performed  by  executing  several 
of  the  microinstructions  (stored  in  the  micropro- 
gram  memory  30)  in  sequence. 

The  so-called  four-bit  "multiway"  inputs  M0, 
M1,  M2  and  M3  to  microprogram  sequence  con- 

20  trailer  10  are  a  third  source  of  microinstruction 
branch  addresses  whereby  certain  microinstruc- 
tions  permit  substitution  of  one  of  the  four-bit  pat- 
terns  present  at  M0,  M1,  M2  or  M3  for  the  least 
significant  four  bits  at  the  DATA  IN  inputs  de- 

25  pending  on  the  two  least  significant  bit  values  on 
the  DATA  IN  inputs. 

The  fourth  and  fifth  sources  of  microinstruction 
branch  addresses  are  from  registers  internal  to  the 
controller  10;  a  return  or  loop  address  from  the  top 

30  of  a  stack  register;  or  the  next  sequential  address 
from  the  microprogram  counter  register. 

The  microprogram  sequence  controller  10  has 
an  internal  multiplexer  which,  under  the  direction  of 
microinstructions,  controls  the  selection  of  the  par- 

35  ticular  one  of  the  five  sources  of  branch  addresses. 
In  a  typical  application  of  the  microprogram 

sequence  controller,  circuitry  54  for  servicing  asyn- 
chronous  event  handling  requests  would  be  in- 
cluded.  For  example,  as  shown  in  Fig.  1,  an 

40  interrupt/trap  controller  56  and  in  interrupt/trap  vec- 
tor  PROM  (IVP)  58.  The  interrupt/trap  controller  56 
would  receive  at  its  inputs  (Hi,  lb  Iln),  via 
corresponding  signal  lines  60,  interrupt  or  trap  sig- 
nals  from  individual  peripheral  units,  requesting 

45  some  type  of  servicing  (i.e.,  data  transfers,  reading 
switches,  etc.).  When  an  interrupt  or  trap  signal  is 
received  at  one  of  its  lli-lln  inputs,  the  interrupt/trap 
controller  56  issues  interrupt  or  trap  request  signals 
from  its  interrupt/trap  (INT/TRAP)  output,  which  are 

50  conducted  to  a  set  of  interrupt/trap  (INTR/TRP) 
inputs  of  the  microprogram  controller  10  via  signal 
lines  61.  As  will  be  seen,  the  signals  received  by 
the  microprogram  sequence  controller  10  at  its 
INTR/TRP  inputs  may  cause  it  to  initiate  a  storage 

55  routine  to  store  information  presently  contained  in 
various  registers  of  the  controller  10  to  enable  it  to 
return  to  the  present  microinstruction  sequence  at 
the  proper  place. 

4 
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Following  receipt  of  an  accepted  asynchronous 
event  handling  request,  controller  10  generates  an 
acknowledge  interrupt/trap  signal  at  output  INTA 
which  is  sent  via  line  62  to  IVP  58  and 
interrupt/trap  controller  56,  which  formulates  a  mul- 
tibit  word  identifying  the  particular  unit  requesting 
servicing.  The  formulated  word  is  conducted  on  the 
signal  lines  64  to  the  IVP  58.  Each  memory  loca- 
tion  of  the  IVP  58  contains  an  address  of  each 
sequence  of  microinstructions  contained  in  the 
microprogram  memory  30  needed  for  servicing  the 
individual  requests.  Accordingly,  the  coded  word 
generated  by  the  interrupt/trap  controller  56  and 
conducted  on  the  signal  lines  64  is  applied  to  the 
address  circuits  of  the  IVP  58.  In  turn,  the  IVP 
communicates  the  address  of  the  first  microinstruc- 
tion  of  the  needed  asynchronous  event  handling 
subroutine  to  the  microprogram  memory  30  via  a 
vector  address  bus  66,  which  interconnects  with 
the  "Y"  address  bus  32  via  tri-state  buffering. 

When  the  vector  address  communicated  from 
the  IVP  58  is  applied  to  the  microprogram  memory 
30,  the  microinstruction  for  the  subroutine  needed 
to  handle  the  asynchronous  event  requesting  ser- 
vicing  is  loaded  into  the  pipeline  register  36.  As 
with  all  microinstructions,  portions  of  the  microin- 
struction  contained  in  the  pipeline  register  36  are 
returned  via  controller  instruction  bus  38  to  micro- 
program  sequence  controller  10  to  allow  it  to  con- 
trol  the  sequence  of  microinstructions  of  the  asyn- 
chronous  event  subroutine.  Furthermore,  these 
microinstruction  portions  are  transmitted  via  bus  38 
to  interrupt/trap  controller  56  which  uses  them  to 
generate  internal  control  signals.  When  the  asyn- 
chronous  event  has  been  serviced,  a  last  microin- 
struction  will  cause  the  microprogram  sequence 
controller  to  effect  a  return  to  the  program  se- 
quence  of  address  generation  from  which  it 
"jumped." 

Depending  on  the  state  of  certain  external  sig- 
nals  applied  to  the  INTR/TRP  input  terminals  of  the 
microprogram  sequence  controller  10,  such  as  the 
interrupt  enable  (INTEN)  signal,  the  trap  request 
signal  (INTR),  the  force  continue  (FC)  signal,  and 
the  complemented  carry-in  (C  IN)  to  address  in- 
crementer  signal,  the  return  will  be  to  the  microin- 
struction  next-following  the  microinstruction  which 
was  executing  when  the  asynchronous  event  re- 
quest  was  received,  in  the  case  of  an  interrupt,  or 
for  re-execution  of  the  same  microinstruction  which 
was  aborted  when  the  asynchronous  event  request 
was  received,  in  the  case  of  a  trap. 

What  may  be  termed  a  "machine"  instruction 
is  loaded  into  an  instruction  register  52.  The  con- 
tents  of  the  instruction  register  52  is  applied  to  the 
mapping  ROM  50  to,  in  turn,  generate  the  address 
of  the  first  microinstruction  in  microprogram  mem- 
ory  30  which  must  be  executed  to  perform  the 

required  function  (specified  by  the  instruction  held 
by  the  instruction  register  52).  A  branch  to  this 
address  occurs  through  the  microprogram  se- 
quence  controller  10.  The  machine  instruction  may 

5  call  for  several  microinstructions  to  be  executed 
such  as,  for  example,  fetching  data  from  memory 
20,  performing  arithmetic  or  logic  operations  within 
ALU  16,  testing  for  overflow  or  other  status  indica- 
tions  and  setting  status  register  18  accordingly, 

io  and  so  forth.  Following  completion  of  the  microin- 
structions  called  for  by  the  machine  instruction, 
controller  10  will  normally  initiate  an  instruction 
fetch  cycle.  At  this  point,  however,  there  may  be 
branches  to  other  sections  of  the  microcode.  For 

is  example,  the  microprocessor  might  receive  an  in- 
terrupt  at  one  of  the  interrupt  controller  inputs  60  to 
obtain  an  interrupt  service  routine  address  from  the 
IVP  58. 

In  order  to  effect  synchronous  operation  of  the 
20  microprocessor  of  Fig.  1,  a  system  clock  68  is 

provided  that  generates  clock  pulses  communi- 
cated  on  a  clock  line  70  to  the  individual  elements 
of  the  microprocessor  of  Fig.  1. 

Microprogram  sequence  controller  10  can  be 
25  operated  in  a  master/slave  configuration  with  an- 

other  sequence  controller  so  that  faults  both  of  an 
internal  and  external  nature  can  be  detected.  The 
two  controllers  are  operated  in  parallel,  one  se- 
quencer  is  designated  as  the  master  and  operates 

30  normally  as  explained  above.  The  second  controller 
is  put  into  slave  mode  by  placing  a  HIGH  signal  on 
a  SLAVE  input  and  connecting  all  its  outputs  ex- 
cept  an  ERROR  output  to  the  corresponding  out- 
puts  of  the  master  controller.  A  HIGH  signal  on  the 

35  ERROR  output  of  the  master  controller  indicates  a 
malfunctioning  external  device  such  as  a  driver  or 
bus  contention.  A  HIGH  signal  on  the  ERROR 
output  of  the  slave  controller  indicates  an  error  at 
either  one  of  the  controllers. 

40 
B.  The  Interrupt/Trap  Handling  Microprogram  Con- 
troller 

While  the  interrupt/trap  handling  circuitry  of  the 
45  present  invention  will  be  described  in  relation  to  a 

microprogram  sequence  controller  10  having  the 
specific  internal  architecture  shown  in  Fig.  2,  it  is 
understood  that  the  internal  structure,  the  type  of 
internal  elements,  the  number  of  bits  processed 

50  thereby,  and  so  forth,  may  vary  from  implementa- 
tion  to  implementation  while  still  providing  the  var- 
ious  benefits  of  the  invention. 

The  controller  10  shown  in  Fig.  2  is  identical  in 
all  respects  except  as  will  be  described  hereinafter 

55  to  the  controller  shown  in  Fig.  2  of  the  related 
copending  application  U.S.  Serial  No.  608,319,  filed 
May  8,  1984,  published  under  US-A-4  868  735  on 
behalf  of  Ole  Moller  and  Sanjay  Iyer  entitled 

5 
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"Interruptible  Structured  Microprogrammed  16-Bit 
Address  Sequence  Controller"  and  assigned  to  the 
assignee  of  the  instant  application.  Except  insofar 
as  will  be  described  hereinafter  regarding  the 
interrupt/trap  handling  aspects  of  the  controller  of 
the  instant  invention,  a  detailed  description  of  the 
controller  of  the  instant  invention  is  supplied  in  the 
related  copending  application.  The  microinstruction 
set  supported  by  the  instant  controller  is  identical 
in  all  relevant  respects  to  the  instruction  set  de- 
scribed  in  the  related  copending  application. 

Fig.  2A  of  the  instant  application  is  identical  in 
all  respects  with  Fig.  2A  of  the  related  copending 
application,  and  the  detailed  description  therein  ap- 
plies  equally  to  Fig.  2A  of  the  instant  application  in 
all  respects,  except  for  the  provision  of  the  set  of 
input  terminals,  collectively  denoted  INTR/TRP  in 
Fig.  1  of  the  instant  application,  including  a  force 
continue  (FC)  input  to  the  controller  10,  an  interrupt 
enable  (INTEN)  input,  an  interrupt  request  (INTR) 
input  and  an  interrupt  acknowledge  (INTA)  output 
connected  to  the  interrupt  logic  circuit  176,  re- 
named  interrupt/trap  logic  circuit  176  in  the  instant 
Fig.  2A,  the  relative  locations  of  the  microprogram 
counter  (MPC)  register  154  and  the  incrementer 
158,  and  the  presence  of  signal  lines  communicat- 
ing  signals  from  the  interrupt/trap  logic  circuit  176 
to  a  disable  (DIS)  input  of  CONTROL  100  and  to  a 
hold  Z  (HOLD  Z)  input  of  incrementer  158,  and  for 
the  presence  of  a  signal  line  communicating  a 
signal  from  a  complemented  carry-in  (C  IN)  input 
terminal  of  controller  10  to  the  incrementer  158. 
The  C  IN  terminal  is  part  of  the  set  of  input 
terminals  denoted  INTR/TRP  on  Fig.  1.  (Fig.  2B  of 
the  instant  application  and  Fig.  2B  of  the  related 
copending  application  are  identical  in  all  respects, 
and  the  description  therein  applies  equally  to  Fig. 
2B  of  the  instant  application  in  all  respects). 

The  microprogram  sequence  controller  10  of 
the  instant  invention  can  handle  an  asynchronous 
event  if  the  controller  is  enabled  to  receive  inter- 
rupts  or  configured  to  receive  a  trap  and  is  not 
being  reset  or  held,  i.e.  a  HIGH  is  applied  to  an 
interrupt  enable  (INTEN)  and  an  interrupt  request 
(INTR)  terminal  of  controller  10  and  a  LOW  is 
applied  to  a  RESET  and  a  HOLD  terminal.  If  a 
HIGH  is  applied  to  a  force  continue  (FC)  terminal 
and  to  a  complemented  carry-in  to  incrementer 
(C  IN)  terminal  then  a  trap  can  be  received. 

With  reference  to  Fig.  2A  of  the  instant  applica- 
tion,  an  interrupt/trap  logic  circuit  176  receives  at 
an  input  li  ,  the  signal  received  at  the  interrupt 
request  (INTR)  terminal  of  controller  10. 
Interrupt/trap  logic  circuit  176  ALU  has  commu- 
nicated  to  a  set  of  inputs  h,  h,  U,  k  and  Ig  signals 
received  at  the  five  other  input  terminals  of  control- 
ler  10  mentioned  above;  the  signal  at  the  interrupt 
enable  (INTEN)  input  terminal  to  input  h,  the  signal 

at  the  reset  (RESET)  input  terminal  to  input  b,  the 
signal  at  the  HOLD  input  terminal  to  input  U,  the 
signal  at  the  slave  (SLAVE)  input  terminal  to  input 
b  and  the  signal  at  the  force  continue  (FC)  terminal 

5  to  input  Ig  .  An  interrupt  acknowledge  (INTA)  output 
terminal  of  controller  10  is  connected  to  an  output 
(O)  of  the  interrupt/trap  logic  circuit  176. 

A  signal  representing  the  occurrence  of  a 
HIGH,  at  the  FC  or  HOLD  terminals  of  controller  10 

10  is  also  conducted  to  a  disable  (DIS)  input  of  com- 
binational  logic  circuit  (CONTROL)  150  which  if 
HIGH,  covers  CONTROL  100  to  generate  signals 
which  override  the  instruction  word  received  at  the 
INST  inputs  l0.5  of  CONTROL  100,  as  will  be  de- 

15  scribed  below,  in  connection  with  Fig.  3. 
In  addition  to  the  signal  conducted  to  the  dis- 

able  (DIS)  input,  CONTROL  100  receives  from  the 
interrupt/trap  logic  circuit  176  signals  conducted  to 
a  force  continue  or  hold  (FCH  Z)  input  and  an 

20  interrupt  processing  (INT  Z)  input.  The  CONTROL 
100  also  receives  the  signal  at  the  FC  terminal  of 
controller  10.  A  complete  description  of  those  sig- 
nals  will  be  given  in  connection  with  the  explana- 
tion  of  Figs.  3A,  3B  and  3C,  below. 

25  The  function  and  meaning  of  the  signals  at  the 
RESET,  SLAVE,  HOLD  and  TRTA  terminals  of  con- 
troller  10  are  as  described  in  the  related  copending 
application. 

Unlike  their  descriptions  in  the  related  copen- 
30  ding  application  of  the  microprogram  sequence 

controller  10,  the  microprogram  counter  (MPC)  reg- 
ister  154  of  the  instant  invention  contains  the  ad- 
dress  of  the  currently-executed  microinstruction, 
and  the  incrementer  158  contains  the  address  of 

35  the  currently-executed  microinstruction  plus  one 
and  is  used  to  point  to  the  next  microinstruction  to 
be  executed  if  no  branching  is  to  be  performed. 
The  MPC  register  154  receives  the  address  at  the 
output  of  interrupt  multiplexer  (INT  MUX)  172  via 

40  signal  lines  174.  MPC  register  154  also  receives 
the  clock  pulse  CLK  at  each  clock  cycle.  The 
resulting  contents  is  conducted  along  signal  lines 
156  from  the  MPC  register  154  to  the  incrementer 
158,  providing  the  "current  address  plus  one"  to 

45  the  ADDR  MUX  116  and  the  STACK  MUX  132  via 
signal  lines  152.  Incrementer  158  also  receives  the 
signal  applied  to  the  complemented  carry-in 
(C  IN)  terminal  of  controller  10.  If  the  carry-in  to 
the  incrementer  C  IN  is  a  HIGH,  the  incrementer 

50  158  is  inhibited  and  the  address  received  from 
MPC  register  154  on  signal  lines  156  is  conducted 
unchanged  onto  the  signal  lines  152,  if  the  C  IN  is 
a  LOW,  the  incrementer  158  adds  one  to  the 
address  received  from  the  MPC  register  before  it  is 

55  placed  onto  the  signal  lines  152. 
Referring  again  to  Fig.  2A  of  the  instant  ap- 

plication,  the  sixteen  signal  lines  162  forming  the 
output  of  ADDR  MUX  116  are  communicated  to  a 
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set  (of  sixteen)  three-state  output  drivers  164.  The 
drivers  164  place  the  16-bit  branch  address  deter- 
mined  by  microprogram  sequence  controller  10 
onto  a  three-state,  bidirectional  Y-bus  166  provided 
to  receive,  conduct  and  transmit  the  data  signals  to 
the  DATA  OUT  terminals  of  controller  10.  The 
three-state  output  drivers  164  are  enabled  by  a 
HIGH  received  on  a  signal  line  168.  Signal  line  168 
is  the  output  of  an  NOR  gate  170  which  is  con- 
trolled  by  signals  received  at  a  SLAVE  input,  a 
HOLD  input  terminal  of  microprogram  sequence 
controller  10,  and  a  signal  (INT)  generated  by  an 
interrupt  logic  circuit  176.  When  these  three  signals 
are  LOW,  NOR  gate  170  sets  line  168  HIGH  and 
the  outputs  of  three-state  drivers  164  are  enabled. 
The  address  signals  on  lines  162  may  then  be 
applied  to  Y-bus  166  and  presented  to  the 
DATA  OUT  terminals  of  controller  10. 

When  the  signal  on  line  168  to  three-state 
output  drivers  164  is  a  LOW,  the  outputs  of  the 
three-state  output  drivers  are  in  the  high  imped- 
ance  state  and  an  address  signal  may  then  be 
applied  to  the  "Y"  address  bus  32  (Fig.  1)  by  the 
IVP  58  (Fig.  1)  to  select  the  next  microinstruction, 
as  will  be  described  below. 

Address  signal  lines  162  are  also  coupled  to  an 
interrupt  multiplexer  (INT  MUX)  172  which  can  con- 
duct  branch  addresses  present  on  Y-bus  166  to 
MPC  register  154  and  comparator  129  via  signal 
lines  174.  Furthermore,  the  DATA  OUT  terminals 
can  receive  an  interrupt  address  and  conduct  it 
along  Y-bus  166  to  an  interrupt  multiplexer  (INT 
MUX)  172,  as  will  be  described  below.  An  interrupt 
return  address  register  (INT  RET  ADDR  REG)  175 
is  used  to  temporarily  hold  the  return  address  of 
the  interrupted  or  trapped  microprogram  when  an 
interrupt  or  trap  request  is  received  by  the  micro- 
program  sequence  controller  10. 

C.  Interrupt  Handling 

In  all  other  respects,  the  structure  and  opera- 
tion  of  the  microprogram  sequence  controller  10  as 
shown  in  Fig.  2A  of  the  instant  application  is  essen- 
tially  identical  to  the  structure  and  operation  of  the 
microprogram  sequence  controller  10  as  shown  in 
Fig.  2A  of  the  related  copending  application,  as  it 
relates  to  the  handling  of  interrupts.  To  reiterate 
briefly,  when  there  is  no  interrupt  or  trap  request 
supplied  to  sequence  controller  10  and  it  is  not 
being  operated  in  the  slave  mode  and  not  being 
held,  branch  addresses  are  conducted  from  ADDR 
MUX  output  lines  162  to  the  DATA  OUT  terminals 
via  Y-bus  166  and  three-state  output  drivers  164. 
Furthermore,  under  these  conditions,  interrupt/trap 
logic  circuit  176  codes  the  received  inputs  and 
generates  interrupt  signal  (INT)  communicated  to 
INT  MUX  172  on  line  178  so  that  the  branch 

addresses  input  to  INT  MUX  172  are  passed  along 
signal  lines  174  to  the  MPC  register  154  and  com- 
parator  129. 

When  an  interrupt  is  to  be  processed  by  micro- 
5  program  sequence  controller  10,  the  current 

microinstruction  can  safely  be  permitted  to  finish 
execution.  At  the  start  of  the  next  controller  clock 
cycle,  however,  INTEN  is  HIGH,  RESET  and  HOLD 
are  LOW  and  interrupt/trap  logic  circuit  176  causes 

io  an  interrupt  (INT)  signal  to  change  from  LOW  to 
HIGH  and  this  HIGH  signal  is  communicated  via 
line  178  to  INT  MUX  172  which  disables  the  ad- 
dress  communication  path  from  the  ADDR  MUX 
116  to  MPC  register  154  and  comparator  129  via 

is  Y-bus  166  and  signal  lines  174.  Furthermore,  Y-bus 
three-state  output  drivers  164  are  disabled  by  vir- 
tue  of  NOR  gate  170  sending  a  LOW  signal  along 
line  168  to  drivers  164,  in  response  to  the  HIGH 
INT  signal  generated  by  interrupt/trap  logic  circuit 

20  176.  The  Y-bus  166,  in  addition  to  conducting  the 
outputs  of  the  three-state  output  drivers  164  to  the 
DATA  OUT  terminals,  is  also  connected  to  an 
input  to  the  INT  MUX  172  which,  as  mentioned 
earlier,  has  its  output  connected  via  signal  line  174 

25  to  the  MPC  register  154  and  therefrom  via  signal 
lines  156  to  the  incrementer  158  which  increments 
the  address  supplied  by  the  IVP  58. 

Accordingly,  presence  of  the  HIGH  INT  signal 
on  line  178  causes  INT  MUX  172  to  select  the 

30  input  receiving  the  signals  on  the  bidirectional  Y- 
bus  166  from  the  DATA  OUT  terminals  of  control- 
ler  10,  namely  the  interrupt  address.  This  interrupt 
address  is  then  conducted  via  the  output  signal 
lines  174  of  the  INT  MUX  172  to  the  MPC  register 

35  154  and  the  comparator  129.  The  address  from  the 
ADDR  MUX  116  is  saved  by  storing  it  in  the 
interrupt  return  address  register  175  and  during  the 
next  clock  cycle  pushed  onto  the  LIFO  stack  130. 
The  interrupt  routine  causes  the  content  of  certain 

40  of  the  registers  to  be  stored  in  the  LIFO  STACK 
130,  which  can  be  retrieved  later.  The  information 
stored  provides  an  address  linkage  return  to  the 
microinstruction  sequence  that  the  microprogram 
sequence  controller  10  was  in  when  it  received  an 

45  interrupt  request.  Since  this  return  address  is 
saved  on  the  LIFO  STACK  130,  nested  interrupts 
can  be  handled  by  a  microprogram  sequence  con- 
troller  10  constructed  according  to  the  teaching  of 
the  instant  invention. 

50  In  order  to  ensure  that  all  information  needed 
to  establish  the  linkage  back  to  the  sequence  inter- 
rupted,  yet  proceed  with  the  branching  and  execut- 
ing  of  the  interrupt  subroutine  to  which  the  branch 
occurs,  all  information  is  stored  in  one  clock  period. 

55  Accordingly,  certain  of  the  information  is  temporar- 
ily  stored  in  the  INT  RET  ADDR  REG  175  which  is 
then  communicated  to  the  LIFO  stack  130  via  the 
STACK  MUX  132.  The  INT  RET  ADD  REG  175 
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receives  the  clock  (CLK),  provided  at  and  commu- 
nicated  from  the  CP  input  terminal,  at  its  clock  (CL) 
input.  Information  is  stored  in  the  interrupt  return 
address  register  175  every  clock  (instruction)  cycle; 
but  the  stored  information  is  used  only  when  an 
interrupt  signal  is  received. 

D.  Trap  Handling 

When  the  microprogram  sequence  controller 
10  is  enabled  to  detect  traps,  at  the  occurrence  of 
a  trapped  event  the  current  microinstruction  must 
be  aborted  before  the  end  of  the  current  controller 
clock  cycle  and  re-executed  after  the  execution  of 
a  trap  routine,  which  is  designed  to  take  intervening 
corrective  measures.  As  soon  as  the  controller  10 
receives  those  inputs  signalling  the  occurrence  of 
an  event  to  be  trapped,  i.e.,  INTEN,  INTR,  FC  and 
C  IN  are  HIGH,  interrupt/trap  logic  circuit  176 
immediately  causes  the  interrupt  (INT)  signal  to 
change  from  LOW  to  HIGH  and  this  HIGH  signal  is 
communicated  via  line  178  to  INT  MUX  172  which, 
as  in  the  case  of  an  interrupt,  disables  the  address 
communication  path  from  the  ADDR  MUX  116  to 
the  MPC  register  154  and  comparator  129  via  Y- 
bus  166  and  signal  lines  174.  Furthermore,  Y-bus 
three-state  output  drivers  164  are  disabled  by  vir- 
tue  of  NOR  gate  170  sending  a  LOW  signal  along 
line  168  to  drivers  164,  in  response  to  the  HIGH 
INT  signal  generated  by  interrupt/logic  circuit  176. 

Accordingly,  presence  of  the  HIGH  INT  signal 
on  line  178  causes  INT  MUX  172  to  select  the 
input  receiving  the  signals  on  the  bidirectional  Y- 
bus  166  from  the  DATA  OUT  terminals  of  control- 
ler  10,  namely  the  address  of  the  trap  routine.  This 
trap  address  is  then  conducted  via  the  output  sig- 
nal  lines  174  of  the  INT  MUX  172  to  the  MPC 
register  154  (and  the  comparator  129). 

Due  to  the  relative  positions  of  the  incrementer 
158  and  the  MPC  register  154  within  the  controller 
10,  the  address  present  at  the  output  of  the  in- 
crementer  158,  which  is  the  trap  return  address, 
i.e.,  the  address  of  the  aborted  microinstruction,  is 
available  to  be  conducted  via  signal  lines  152  to 
the  ADDR  MUX  116  and  saved  by  storing  it  in  the 
INT  RET  ADDR  REG  175  (and  during  the  next 
clock  cycle)  pushed  onto  the  LIFO  STACK  130,  at 
the  same  time  that  the  trap  address  is  being  stored 
in  the  MPC  register  154,  as  described  above. 

Since  the  C  IN  signal  received  at  the  in- 
crementer  158  is  a  HIGH,  the  trap  address  re- 
ceived  by  the  incrementer  via  signal  lines  156  will 
be  conducted  unchanged  via  the  signal  lines  152  to 
the  ADDR  MUX  116.  Due  to  the  fact  that  the  FC 
signal  input  to  the  microprogram  sequence  control- 
ler  10  is  a  HIGH,  a  HIGH  signal  is  generated  by 
interrupt/trap  logic  circuit  176  and  conducted  to  the 
DIS  input  of  the  CONTROL  100.  CONTROL  100 

then  generates  a  signal  communicated  to  the 
COND  input  of  ADDR  MUX  116,  which  causes 
ADDR  MUX  116  to  conduct  the  trap  return  address 
to  its  output  lines  162.  Whereupon  the  address  of 

5  the  currently-executed  microinstruction  is  replaced 
on  the  Y-bus  166  by  the  address  of  the  first 
microinstruction  of  the  trap  routine.  Since  this 
currently-executed  microinstruction  did  not  com- 
plete  execution,  due  to  the  HIGH  FC  signal,  the 

io  contents  of  the  registers  within  the  microprogram 
sequencer  10  were  not  updated  and  thus  upon 
return  from  the  trap  routine,  the  instruction  can  be 
re-executed  without  further  action.  The  handling  of 
the  trap  by  the  microprogram  sequence  controller 

is  10  therefore  can  proceed  beyond  this  point  as 
described  above  for  an  interrupt. 

E.  The  Interrupt/Trap  Detection  Circuit 

20  The  signals  received  by  microprogram  se- 
quence  controller  10  at  its  interrupt  request  (INTR) 
and  interrupt  enable  (INTEN)  terminals  are  con- 
ducted  to  the  interrupt/trap  logic  circuit  176  at  its 
li  ,  h  inputs,  respectively.  These  signals  are  latched 

25  by  the  interrupt/trap  detect  circuit  200  illustrated  in 
Fig.  3A.  As  shown,  a  pair  of  flip-flops  202,  204 
receive  on  their  clock  (C)  inputs  the  CLK  signal. 
The  flip-flop  202  receives  at  its  data  (D)  input  the 
interrupt  signal  (INT)  generated  by  a  NOR  gate  206 

30  which,  in  turn,  receives  the  INTR,  INTEN,  terminals 
via  inverters  208  and  210  and  the  signals  con- 
ducted  from  the  controller  HOLD  and  RESET  termi- 
nals,  each  at  a  complemented  input  of  gate  206. 
Accordingly,  the  true  (Q)  output  of  flip-flop  202  is 

35  the  logical  AND  of  the  signal  at  the  INTR  terminal 
and  the  signal  at  the  INTEN  terminal  from  the 
preceding  clock  cycle,  if  the  microprogram  se- 
quence  controller  10  is  not  being  held  or  reset. 
This  Q  output  signal  (INT  Z)  is  received  at  the 

40  complemented  input  to  an  AND  gate  216. 
In  similar  fashion,  the  data  (D)  input  of  the  flip- 

flop  204  receives  the  signal  on  the  signal  line 
conducting  the  signal  from  the  HOLD  terminal  of 
controller  10.  The  signal  at  a  first  true  (Q)  output  of 

45  flip-flop  204  is  received  at  an  input  to  a  wired-OR 
gate  218.  The  signal  at  a  second  true  (Q)  output  of 
flip-flop  204  forms  the  HOLD  Z  signal  output  from 
interrupt/trap  detect  circuit  200.  Gate  218  also  re- 
ceives  at  a  second  input  the  signal  conducted  from 

50  the  controller  10  force  continue  (FC)  terminal. 
Since  the  signal  at  the  HOLD  terminal  is  latched  by 
flip-flop  204,  the  output  of  the  wired-OR  gate  218, 
force  continue  hold  (FCH  Z)  will  follow  the  present 
state  of  the  FC  terminal  during  any  clock  cycle 

55  when  the  microprogram  sequence  controller  10  is 
not  being  held.  Accordingly,  the  output  signal 
FCH  Z  is  applied  to  the  disable  (DIS)  input  of 
CONTROL  100  which  causes  the  currently-applied 

8 
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microinstruction  bits  l0-5  to  be  ignored  and  causes 
all  output  signals  generated  by  CONTROL  100  to 
be  inactive,  other  than  causing  a  CMUXCTL  to  be 
generated  which  deselects  any  of  the  inputs  to  the 
CMUX  118  on  lines  110,  140  or  150  from  the 
DATA  IN,  TOS,  AUX  DATA  IN  sources,  respec- 
tively,  and  causing  a  COND  signal  to  be  generated 
which  causes  the  ADDR  MUX  116  to  select  the 
inputs  on  lines  152  from  the  incrementer  158  to  be 
placed  on  the  output  of  the  ADDR  MUX  116  and 
conducted  via  signal  lines  162  to  the  INT  RET 
ADDR  REG  175. 

The  signal  INT  generated  at  the  output  of  NOR 
gate  206  is  conducted  via  signal  line  178  to  an 
input  of  the  NOR  gate  170,  which  in  turn  generates 
a  signal  on  line  168  causing  the  set  of  sixteen 
three-state  output  drivers  164  to  achieve  the  high 
impedance  state.  This  disconnects  Y-bus  166  from 
ADDR  MUX  output  lines  162.  The  INT  signal  is 
also  conducted  to  the  INT  MUX  172  where  it 
causes  the  interrupt/trap  address  placed  on  the  Y- 
bus  166  by  the  IVP  58  to  be  conducted  to  the  MPC 
REGISTER  154  via  signal  lines  174. 

Interrupt/trap  detection  circuit  200  includes  a 
NOR  gate  222  which  receives  at  inputs  the  signal 
on  the  SLAVE  and  HOLD  terminals  of  controller  10 
via  inverters  224  and  212;  respectively.  The  output 
of  NOR  gate  222  is  connected  to  inverting  the 
enable  input  of  a  three-state  buffer  226.  The  output 
of  NOR  gate  206,  the  INT  signal,  is  passed  through 
the  inverting  buffer  226  to  become  the  INTA  signal 
that  enables  (via  its  OE  input)  the  IVP  58  (Fig.  1). 

Accordingly,  if  the  currently-executing  microin- 
struction  is  "trapped,"  the  address  of  the  currently- 
executing  microinstruction  is  saved  in  the  INT  RET 
ADDR  REG  175,  as  follows:  during  a  trap  the 
incrementer  158  receives  a  HIGH  signal  from  the 
C  IN  terminal  of  controller  to  which,  as  shown  in 
Fig.  3B,  is  conducted  via  an  inverter  250  to  an 
input  of  a  wired-OR  gate  252.  The  HOLD_Z  signal 
generated  by  the  flip-flop  204  is  conducted  to  a 
second  input  of  the  wired-OR  gate  252.  The  HOLD- 
Z  signal  is  a  LOW  since  the  controller  10  is,  by 
assumption,  not  being  held,  both  inputs  to  wired- 
OR  gate  252  are  LOW  and  the  resulting  LOW 
output  is  received  by  increment  circuit  254  which 
causes  incrementer  158  to  pass  the  address  of  the 
currently-executing  microinstruction  received  on 
signal  lines  156  unincremented,  i.e.  the  trap  return 
address,  onto  signal  lines  152  where  it  is  selected 
by  ADDR  MUX  116  to  be  passed  to  the  INT  RET 
ADDR  REG  175. 

At  the  same  time,  INT  MUX  172  receives  the 
address  of  the  first  instruction  of  the  trap  routine 
and  passes  it  to  the  input  of  the  MPC  register  154 
via  lines  174.  At  the  next  clock  cycle,  this  address 
is  received  by  the  incrementer  158  on  signal  lines 
156  and  since  a  LOW  carry-in  C  IN  signal  is  now 

received  by  the  incrementer  158,  the  address  of 
the  instruction  next-following  the  first  instruction  of 
the  trap  routine  is  presented  to  the  ADDR  MUX  116 
via  bus  152.  Since  the  trap  return  address  is 

5  present  at  the  output  of  the  INT  RET  ADDR  REG 
172  it  is  pushed  onto  the  LIFO  STACK  130  by  the 
first  instruction  of  the  trap  routine,  and  accordingly 
this  first  instruction  may  not  use  the  LIFO  STACK 
130.  The  final  instruction  of  the  trap  routine  will  pop 

w  this  trap  address  from  the  LIFO  STACK  130  and 
since  it  was  not  incremented  prior  to  its  push  onto 
the  stack,  as  mentioned,  the  microprogram  se- 
quence  controller  10  will  issue  the  trap  return  ad- 
dress  on  the  DATA  OUT  terminal  166  upon  return 

is  from  the  trap  routine  and  accordingly  the  trapped 
microinstruction  will  be  re-issued  following  execu- 
tion  of  the  trap  routine.  As  mentioned  above,  since 
trap  return  addresses  are  pushed  onto  the  LIFO 
STACK  130,  traps  may  be  nested. 

20  As  mentioned  above,  since  the  FC  terminal  of 
the  controller  10  is  tied  HIGH  during  a  trap,  the 
outputs  of  the  CONTROL  100,  other  than  the 
CMUXCTL  signal  and  the  COND  signal  previously 
described,  are  inactive  and  the  currently-executing 

25  microinstruction  bits  l0-5  are  ignored  for  the  duration 
of  the  present  controller  clock  cycle.  Thus,  other 
than  the  actions  just  described  regarding  the  stor- 
age  of  the  trap  return  address  in  the  INT  RET 
ADDR  REG  175  and  the  storage  of  the  address  of 

30  the  trap  routine  in  the  MPC  register  154,  the 
trapped  instruction  is  aborted. 

Alternatively,  if  the  currently-executing  microin- 
struction  is  "interrupted,"  i.e.  the  FC  terminal  of 
controller  10  is  LOW,  the  presently-executing 

35  microinstruction  will  complete  execution  since  the 
FCH  Z  signal  output  from  the  wired-OR  gate  218 
is  LOW  throughout  the  remainder  of  the  controller's 
present  clock  cycle.  Hence  the  CONTROL  100  will 
proceed  to  generate  all  the  signals  it  normally 

40  would.  However,  during  the  present  clock  cycle, 
the  NOR  gate  206,  at  the  time  the  interrupt  is 
activated,  will  pass  the  signal  from  the  INTR  termi- 
nal  of  controller  10  and  the  resulting  signal  INT  will 
be  conducted  on  signal  line  178  to  the  NOR  gate 

45  170  which  will  cause  the  three-state  output  drivers 
164  to  disconnect  the  Y-bus  166  from  the  ADDR 
MUX  116  output  lines  162  and  the  INT  MUX  172 
causes  the  interrupt  address  to  be  conducted  to 
the  MPC  register  154  as  mentioned  above. 

50  Accordingly,  the  address  of  the  currently-ex- 
ecuting  microinstruction  is  saved  in  the  INT  RET 
ADDR  REG  175  since  during  an  interrupt  the  C_IN 
terminal  is  HIGH  and  thus  the  incrementer  158 
passes  the  address  of  the  currently-executing 

55  microinstruction  received  on  signal  lines  156  onto 
signal  lines  154  where  it  is  selected  by  the  ADDR 
MUX  116  to  be  passed  to  the  INT  RET  ADDR  REG 
175.  At  the  same  time,  INT  MUX  172  receives  the 

9 
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address  of  the  first  instruction  of  the  interrupt  rou- 
tine  and  passes  it  to  the  input  of  the  MPC  register 
154  via  lines  174.  At  the  next  clock  cycle,  this 
address  is  received  by  the  incrementer  158  and 
incremented  as  explained  above  in  connection  with 
the  trap-handling  by  controller  10.  Similarly,  the 
final  instruction  of  the  interrupt  routine  will  pop  this 
interrupt  return  address  from  the  LIFO  STACK  130, 
the  microprogram  sequence  controller  10  will  issue 
the  interrupt  return  address  on  the  DATA  OUT 
terminals  166  upon  return  from  the  interrupt  routine 
and  accordingly  the  microinstruction  next  following 
the  interrupted  microinstruction  will  be  executed 
following  completion  of  the  interrupt  routine.  As 
mentioned  above,  since  interrupt  return  addresses 
are  pushed  onto  the  LIFO  stack  130,  interrupts  may 
be  nested. 

Claims 

1.  A  microprogram  sequencer  controller  (10)  ar- 
ranged  to  cyclically  process  microinstructions 
and  generate  microinstruction  addresses  on  a 
bidirectional  output  bus  (166),  said  controller 
being  operable  in  an  interrupt  mode  effecting 
interruption  of  the  present  instruction  stream 
after  the  currently  executing  microinstruction 
has  been  finished,  in  response  to  an  interrupt 
mode  signal  (INTR),  the  controller  (10)  includ- 
ing  : 

microinstruction  decoding  means  (100)  ar- 
ranged  to  generate  a  plurality  of  control  signals 
(WE.STKMUX)  in  response  to  applied  microin- 
structions  (I0-5); 

last-in  first-out  memory  means  (130),  in 
communication  with  the  microinstruction  de- 
coding  means  (100)  and  responsive  to  a  num- 
ber  of  said  control  signals,  arranged  to  receive 
and  store  a  plurality  of  microinstruction  ad- 
dresses; 

interrupt  logic  means  (176)  which  is  re- 
sponsive  to  said  interrupt-mode  signal  (INTR); 

microinstruction  address  storage  means 
(158,154)  which  is  responsive  to  said  interrupt 
logic  means;  and 

driver  means  (164)  for  said  bidirectional 
output  bus  (162,166); 

in  which  said  interrupt  logic  means  (176) 
generates,  in  response  to  said  interrupt  mode 
signal,  gating  signals  (178),  and  said  decoding 
means  (100),  said  last-in,  first-out  memory 
means  (130),  said  microinstruction  address 
storage  means  (158,154)  and  said  driver 
means  (164)  are  responsive  to  those  gating 
signals  so  that  an  address  stored  in  said 
microinstruction  address  storage  means  (154) 
is  incremented,  said  drive  means  (164)  is  in- 
hibited  to  provide  communication  of  that  incre- 

mented  address  to  the  output  data  bus  (166), 
said  decoding  device  generates  control  signals 
(WE.STKMUXCTL)  to  cause  the  incremented 
address  to  be  stored  in  said  last-in  first-out 

5  memory  means  (130),  the  microinstruction  ad- 
dress  of  a  first  instruction  of  an  interrupt  rou- 
tine  associated  with  said  interrupt-mode  signal 
is  received  on  an  input  data  bus  associated 
with  said  bidirectional  output  data  bus,  and 

10  said  first  instruction  is  stored  in  said  microin- 
struction  address  storage  means  (158,154); 

characterised  in  that: 
said  interrupt  logic  means  (176)  is  further 

responsive  to  a  trap-mode  signal  (TRP)  effec- 
15  ting  abortion  of  the  current  microinstruction 

and  reexecution  of  said  microinstruction  when 
the  trapmode  is  finished;  and 

said  interrupt  logic  means  (176)  generates, 
in  response  to  said  trap-mode  signal,  gating 

20  signals,  and  said  decoding  means  (100),  said 
last-in  first-out  memory  means  (13),  said 
microinstruction  address  storage  means 
(158,154)  and  said  driver  means  (164)  are  re- 
sponsive  to  those  gating  signals  so  that  an 

25  address  stored  in  said  microinstruction  storage 
means  (158,154)  is  not  incremented,  said  driv- 
er  means  (164)  is  inhibited  to  provide  commu- 
nication  of  that  unincremented  address  to  the 
output  data  bus  (166),  said  decoding  device 

30  generates  control  signals  (WE.STKMUXCTL)  to 
cause  the  unincremented  address  to  be  stored 
in  said  last-in  first-out  memory  means  (130), 
the  microinstruction  address  of  a  first  instruc- 
tion  of  a  trap  routine  associated  with  said  trap- 

35  mode  signal  received  or  an  input  data  bus 
associated  with  said  bidirectional  output  data 
bus,  and  said  first  instruction  is  stored  in  said 
microinstruction  address  storage  means 
(158,154). 

40 
2.  The  microprogram  sequence  controller  of 

claim  1  characterised  in  that  said  controller  is 
responsive  to  a  clock  signal  (CLK)  charac- 
terised  by, 

45  (a)  first  multiplexer  means  (116)  connected 
to  said  last-in,  first-out  memory  means 
(130),  and  to  said  address  storage  means 
(154),  responsive  to  control  signals  gener- 
ated  by  said  decoding  means  (100)  for  se- 

50  lectively  coupling  said  last-in,  first-out  mem- 
ory  means  or  said  address  storage  means 
to  an  output  of  said  first  multiplexer  means 
(116),  said  output  being  the  currently-gen- 
erated  instruction  address, 

55  (b)  return  address  storage  means  (175)  con- 
nected  between  said  output  of  said  first 
multiplexer  means  (116)  and  said  last-in, 
first-out  memory  meas  (130),  responsive  to 

10 
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said  clock  signal  (CLK)  for  receiving  an  in- 
struction  address  and  temporarily  storing 
that  address  during  a  clock  cycle  and  for 
transmitting  during  the  next-following  clock 
cycle  said  instruction  address  to  said  last-in,  5 
first-out  memory  means  (130), 
(c)  second  multiplexer  means  (172)  con- 
nected  to  the  output  of  said  driver  means 
(164),  to  said  output  of  said  first  multiplexer 
means  (116),  to  said  address  storage  10 
means  (154),  and  to  said  interrupt/trap  logic 
means  (176),  and,  responsive  to  said  gating 
signals  generated  by  said  interrupt/trap 
means  (176),  for  selectively  coupling  said 
output  of  said  first  multiplexer  means  (116)  is 
or  said  bidirectional  output  data  bus  (166)  to 
said  address  storage  means  (154); 

the  input  of  said  driver  means  (164)  being 
connected  to  the  output  of  said  first  multiplexer 
(116);  20 

whereby,  during  a  clock  cycle  when  said 
controller  is  in  said  interrupt  mode,  said  inter- 
rupt  logic  means  causes  said  driver  means 
(164)  to  so  inhibit  communication  of  said  incre- 
mented  address  from  said  first  multiplexer  25 
means  (116)  output  to  said  bidirectional  output 
data  bus  (166),  causes  said  incremented  ad- 
dress  to  be  communicated  from  said  address 
storage  means  (154)  via  said  first  multiplexer 
means  (116),  and  at  the  next  following  clock  30 
cycle  via  said  return  address  storage  means 
(175)  to  said  last-in  first-out  memory  means 
(130),  and  causes  said  incremented  address  to 
be  communicated  via  said  bidirectional  data 
output  bus  (166)  and  said  second  multiplexer  35 
means  (172)  to  said  address  storage  means 
(154),  and 

whereby,  during  a  clock  cycle  when  said 
controller  is  in  said  trap  mode,  said  interrupt 
logic  means  causes  said  driver  means  (164)  to  40 
inhibit  communication  of  said  unincremented 
address  from  said  first  multiplexer  means 
(116),  causes  said  unincremented  address  to 
be  communicated  from  said  address  storage 
means  (154)  via  said  first  multiplexer  means  45 
(116),  and  at  the  next  following  clock  cycle  via 
said  return  address  storage  means  (175)  to 
said  last-in  first-out  memory  means  (130),  and 
causes  said  unincremented  address  to  be 
communicated  via  said  bidirectional  data  out-  50 
put  bus  (166)  and  said  second  multiplexer 
means  (172)  to  said  address  storage  means 
(154). 

3.  The  microprogram  sequence  controller  of  55 
claim  2  characterised  in  that  said  interrupt  log- 
ic  means  (176)  is  arranged  to  respond  to  a 
trap-mode  signal  which  includes  a  carry-in  to 

incrementer  signal  and  said  address  storage 
means  (154)  comprises: 

address  latch  means  (154)  connected  to 
said  output  of  said  second  multiplexer  means 
(172),  responsive  to  said  clock  signal  for  re- 
ceiving  and  temporarily  storing  for  one  clock 
cycle  the  instruction  address  received  by  said 
address  storage  means,  and 

incrementer  means  (158)  connected  to 
said  address  latch  means  (154)  and  having  an 
output  connected  to  said  first  multiplexer 
means  (116),  responsive  to  said  interrupt  logic 
means  gating  signals  and  to  said  carry-in  sig- 
nal  for  receiving  during  said  next-following 
clock  cycle  the  instruction  address  temporarily 
stored  in  said  address  latch  means,  for  selec- 
tively  incrementing  said  address  in  response  to 
said  gating  and  carry-in  signals,  and  for  gen- 
erating  said  incremented  address  on  the  output 
of  said  first  multiplexer  means  (116); 

whereby,  during  said  interrupt-mode  said 
instruction  address  generated  on  said  bidirec- 
tional  output  data  bus  received  and  temporarily 
stored  by  said  address  latch  means  (154),  is 
incremented  by  said  incrementer  means,  and 

whereby,  during  said  trap-mode  said  in- 
struction  address  generated  on  said  bidirec- 
tional  output  data  bus  received  and  temporarily 
stored  by  said  address  latch  means  (154),  is 
not  incremented  by  said  incrementer  means. 

Revendicatlons 

1.  Dispositif  de  commande  de  sequence  de  mi- 
croprogramme  (10)  agence  pour  traiter  cycli- 
quement  des  micro-instructions  et  pour  produi- 
re  des  adresses  de  micro-instructions  sur  une 
ligne  omnibus  de  sortie  bidirectionnelle  (166), 
ledit  dispositif  de  commande  ayant  pour  fonc- 
tion,  dans  un  mode  d'interruption,  d'effectuer 
I'interruption  du  present  courant  d'instructions 
apres  que  la  micro-instruction  en  cours  d'exe- 
cution  a  ete  terminee,  en  reponse  a  un  signal 
de  mode  d'interruption  (INTR),  le  dispositif  de 
commande  (10)  comprenant  : 

des  moyens  de  decodage  de  micro-ins- 
tructions  (100)  agences  pour  produire  plusieurs 
signaux  de  commande  (WE,  STKMUX)  en  re- 
ponse  aux  micro-instructions  appliquees  (I0-5)  ; 

des  moyens  de  memoire  LIFO,  (130), 
communiquant  avec  les  moyens  de  decodage 
de  micro-instructions  (100)  et  reagissant  a  un 
certain  nombre  desdits  signaux  de  commande, 
agences  pour  recevoir  et  pour  memoriser  plu- 
sieurs  adresses  de  micro-instructions  ; 

des  moyens  logiques  d'interruption  (176) 
qui  reagissent  audit  signal  de  mode  d'interrup- 
tion  (INTR)  ; 
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des  moyens  de  memorisation  d'adresse 
de  micro-instruction  (158,  154)  qui  reagissent 
auxdits  moyens  logiques  d'interruption  ;  et 

des  moyens  d'attaque  (164)  pour  ladite 
ligne  omnibus  de  sortie  bidirectionnelle  (162,  5 
166)  ; 

dans  lequel  lesdits  moyens  logiques  d'in- 
terruption  (176)  produisent,  en  reponse  audit 
signal  de  mode  d'interruption,  des  signaux  de 
commande  (178)  et  lesdits  moyens  de  decoda-  10 
ge  (100),  lesdits  moyens  de  memoire  LIFO 
(130),  lesdits  moyens  de  memorisation 
d'adresse  de  micro-instruction  (158,  154)  et 
lesdits  moyens  d'attaque  (154)  reagissent  a 
ces  signaux  de  commande  de  maniere  qu'une  is 
adresse  memorisee  dans  lesdits  moyens  de 
memorisation  d'adresse  de  micro-instruction 
(154)  soit  incrementee,  lesdits  moyens  d'atta- 
que  (164)  sont  inhibes  pour  etablir  une  com- 
munication  des  adresses  incrementees  avec  la  20 
ligne  omnibus  de  donnees  de  sortie  (166),  ledit 
dispositif  de  decodage  produisant  des  signaux 
de  commande  (WE,  STKMUXCTL)  pour  que 
I'adresse  incrementee  soit  memorisee  dans 
lesdits  moyens  de  memoire  LIFO  (130),  25 
I'adresse  de  micro-instruction  d'une  premiere 
instruction  d'une  routine  d'interruption  associee 
avec  ledit  signal  de  mode  d'interruption  est 
regue  sur  une  ligne  omnious  de  donnees  d'en- 
tree  associee  avec  ladite  ligne  omnibus  de  30 
donnees  de  sortie  bidirectionnelle  et  ladite  pre- 
miere  instruction  est  memorisee  dans  lesdits 
moyens  de  memorisation  d'adresse  de  micro- 
instruction  (158,  154)  ; 

caracterise  en  ce  que  :  35 
lesdits  moyens  logiques  d'interruption 

(176)  reagissent  en  outre  a  un  signal  de  mode 
de  blocage  (TRP)  assurant  I'abandon  de  la 
micro-instruction  en  cours  et  I'execution  de 
ladite  micro-instruction  quand  le  mode  de  bio-  40 
cage  est  termine  ;  et 

lesdits  moyens  logiques  d'interruption 
(176)  produisent,  en  reponse  audit  signal  de 
mode  de  blocage,  des  signaux  de  commande 
et  lesdits  moyens  de  decodage  (100),  lesdits  45 
moyens  de  memoire  LIFO  (130)  ,  lesdits 
moyens  de  memorisation  d'adresse  de  micro- 
instruction  (158,  154)  et  lesdits  moyens  d'atta- 
que  (164)  reagissent  a  cessignaux  de  com- 
mande  de  maniere  qu  une  adresse  memorisee  so 
dans  lesdits  moyens  de  memorisation  de 
micro-instruction  (158,  154)  ne  soit  pas  incre- 
mentee,  lesdits  moyens  d'attaque  (164)  sont 
inhibes  pour  etablir  une  communication  de 
I'adresse  non  incrementee  vers  la  ligne  omni-  55 
bus  de  donnees  de  sortie  (166),  ledit  dispositif 
de  decodage  produisant  des  signaux  de  com- 
mande  (WE,  STKMUXCTL),  pour  entraTner  que 

I'adresse  non  incrementee  soit  memorisee 
dans  lesdits  moyens  de  memoire  LIFO,  (130), 
I'adresse  de  micro-instruction  d'une  premiere 
instruction  d'une  routine  de  blocage  associee 
avec  ledit  signal  de  mode  de  blocage  regu  ou 
une  ligne  omnibus  de  donnees  d'entree  asso- 
ciee  avec  ladite  ligne  omnibus  de  donnees  de 
sortie  bidirectionnelle,  et  ladite  premiere  ins- 
truction  est  memorisee  dans  lesdits  moyens 
de  memorisation  d'adresse  de  micro-instruc- 
tion  (158,  154). 

Dispositif  de  commande  de  sequence  de  mi- 
croprogramme  selon  la  revendication  1,  carac- 
terise  en  ce  que  ledit  dispositif  de  commande 
reagit  a  un  signal  d'horloge  (CLK),  caracterise 
par  , 

(a)  des  premiers  moyens  de  multiplexage 
(116)  connectes  auxdits  moyens  de  memoi- 
re  LIFO  (130)  et  auxdits  moyens  de  memo- 
risation  d'adresse  (154),  reagissant  aux  si- 
gnaux  de  commande  produits  par  lesdits 
moyens  de  decodage  (100)  en  couplant  se- 
lectivement  lesdits  moyens  de  memoire 
LIFO  ou  avec  lesdits  moyens  de  memorisa- 
tion  d'adresse,  avec  une  sortie  desdits  pre- 
miers  moyens  de  multiplexage  (116),  ladite 
sortie  etant  I'adresse  d'instruction  actuelle- 
ment  produite, 
(b)  des  moyens  de  memorisation  d'adresse 
de  retour  (175)  connectes  entre  ladite  sortie 
desdits  premiers  moyens  de  multiplexeur 
(116)  et  lesdits  moyens  de  memoire  LIFO 
(130),  reagissant  audit  signal  d'horloge 
(CLK)  en  recevant  une  adresse  d'instruction 
et  en  memorisant  momentanement  cette 
adresse  pendant  un  cycle  d'horloge  et  pour 
transmettre,  pendant  le  cycle  d'horloge  qui 
suit  immediatement,  ladite  adresse  d'ins- 
truction  auxdits  moyens  de  memoire  LIFO 
(130), 
(c)  des  seconds  moyens  de  multiplexage 
(172)  connectes  a  la  sortie  desdits  moyens 
d'attaque  (164),  a  ladite  sortie  desdits  pre- 
miers  moyens  de  multiplexeur  (1  16),auxdits 
moyens  de  memorisation  d'adresse  (154)  et 
auxdits  moyens  logiques 
d'interruption/blocage  (176)  et  reagissant 
auxdits  signaux  de  commande  produits  par 
lesdits  moyens  d'interruption/blocage  (176) 
en  couplant  selectivement  ladite  sortie  des- 
dits  premiers  moyens  de  multiplexage  (116) 
ou  ladite  ligne  omnibus  de  donnees  de  sor- 
tie  bidirectionnelle  (166)  auxdits  moyens  de 
memorisation  d'adresse  (154)  ; 

I'entree  desdits  moyens  d'attaque  (164) 
etant  connectee  a  la  sortie  dudit  premier  multi- 
plexeur  (116); 
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de  maniere  que,  pendant  un  cycle  d'horlo- 
ge  quand  ledit  dispositif  de  commande  se 
trouve  dans  ledit  mode  d'interruption,  lesdits 
moyens  logiques  d'interruption  entraTnent  que 
lesdits  moyens  d'attaque  (164)  inhibent  toute 
communication  de  ladite  adresse  incrementee 
provenant  de  ladite  sortie  desdits  premiers 
moyens  de  multiplexeur  (116)  avec  ladite  ligne 
omnibus  de  donnees  de  sortie  bidirectionnelle 
(166),  entraTnent  que  ladite  adresse  incremen- 
tee  soit  communiquee  depuis  lesdits  moyens 
de  memorisation  d'adresse  (154)  par  lesdits 
premiers  moyens  de  multiplexeur  (116)  et,  au 
cycle  d'horloge  qui  suit  immediatement,  par 
lesdits  moyens  de  memorisation  d'adresse  de 
retour  (175)  vers  lesdits  moyens  de  memoire 
LIFO  (130)  et  entraTnent  que  ladite  adresse 
incrementee  soit  communiquee  par  ladite  ligne 
omnibus  de  sortie  de  donnees  bidirectionnelle 
(166)  et  lesdits  seconds  moyens  de  multi- 
plexeur  (172)  auxdits  moyens  de  memorisation 
d'adresse  (154),  et 

de  maniere  que,  pendant  un  cycle  d'horlo- 
ge,  quand  ledit  dispositif  de  commande  se 
trouve  dans  ledit  mode  de  blocage  lesdits 
moyens  logiques  d'interruption  entraTnent  que 
lesdits  moyens  d'attaque  (164)  inhibent  la 
communication  de  toute  adresse  non  incre- 
mentee  provenant  desdits  premiers  moyens  de 
multiplexeur  (  116),  entraTnent  que  ladite 
adresse  non  incrementee  soit  communiquee 
par  lesdits  moyens  de  memorisation  d'adresse 
(154),  par  lesdits  premiers  moyens  de  multi- 
plexage  (116)  et,  au  cycle  d'horloge  qui  suit 
immediatement,  par  lesdits  moyens  de  memo- 
risation  d'adresse  de  retour  (175),  vers  lesdits 
moyens  de  memoire  LIFO  (130)  et  entraTnent 
que  ladite  adresse  non  incrementee  soit  com- 
muniquee,  par  ladite  ligne  de  sortie  de  don- 
nees  bidirectionnelle,  (166)  et  lesdits  seconds 
moyens  de  multiplexeur  (172),  auxdits  moyens 
de  memorisation  d'adresse  (154). 

3.  Dispositif  de  commande  de  sequence  de  mi- 
croprogramme  selon  la  revendication  2,  carac- 
terise  en  ce  que  lesdits  moyens  logiques  d'in- 
terruption  (176)  sont  agences  pour  reagir  a  un 
signal  de  mode  de  blocage  qui  comporte  un 
signal  de  report  vers  I'incrementage  et  lesdits 
moyens  de  memorisation  d'adresse  (154)  corn- 
portent  : 

des  moyens  de  verrouillage  d'adresse 
(154)  connectes  a  ladite  sortie  desdits  seconds 
moyens  de  multiplexeur  (172),  reagissant  audit 
signal  d'horloge  en  recevant  et  en  memorisant 
momentanement  pendant  un  cycle  d'horloge, 
I'adresse  d'instruction  regue  par  lesdits 
moyens  de  memorisation  d'adresse,  et 

des  moyens  decrementation  (153) 
connectes  auxdits  moyens  de  verrouillage 
d'adresse  (154)  et  comprenant  une  sortie 
connectee  auxdits  premiers  moyens  de  multi- 

5  plexage  (116),  reagissant  auxdits  signaux  de 
commande  des  moyens  logiques  d'interruption 
et  audit  signal  de  report  pour  recevoir  pendant 
le  cycle  d'horloge  qui  suit  immediatement 
I'adresse  d'instruction  memorisee  momentane- 

io  ment  dans  lesdits  moyens  de  verrouillage 
d'adresse,  pour  incrementer  selectivement  la- 
dite  adresse  en  reponse  auxdits  signaux  de 
commande  et  de  report  et  en  produisant  ladite 
adresse  incrementee  sur  la  sortie  desdits  pre- 

15  miers  moyens  de  multiplexage  (116)  ; 
de  maniere  que,  pendant  ledit  mode  d'in- 

terruption,  ladite  adresse  d'instruction  produite 
sur  ladite  ligne  omnibus  de  donnees  de  sortie 
bidirectionnelle  regue  et  memorisee  momenta- 

20  nement  dans  lesdits  moyens  de  verrouillage 
d'adresse  (154)  soit  incrementee  par  lesdits 
moyens  decrementation, 

et  de  maniere  que,  pendant  ledit  mode  de 
blocage  ladite  adresse  d'instruction  produite 

25  sur  ladite  ligne  omnibus  de  donnees  de  sortie 
bidirectionnelle  regue  et  memorisee  momenta- 
nement  par  lesdits  moynes  de  verrouillage 
d'adresse  (154)  ne  soit  pas  incrementee  par 
lesdits  moyens  decrementation. 

30 
Patentanspruche 

1.  Mikroprogrammfolge-Steuervorrichtung  (10) 
zum  zyklischen  Verarbeiten  von  Mikroinstruk- 

35  tionen  und  zum  Erzeugen  von  Mikroinstruk- 
tionsadressen  auf  einem  bidirektionalen  Aus- 
gangsbus  (166),  wobei  die  Steuervorrichtung 
auf  ein  Unterbrechungsbetriebsartsignal  (INTR) 
hin  in  einer  Unterbrechungs-Betriebsart  be- 

40  treibbar  ist,  die  nach  Beendigung  der  momen- 
tan  ausgefuhrten  Mikroinstruktion  die  Unterbre- 
chung  des  momentanen  Instruktionsstroms 
veranla/St,  und  wobei  die  Steuervorrichtung  (10) 
aufweist: 

45 
eine  Mikroinstruktionsdekodiereinrichtung  (100) 
zum  Erzeugen  mehrerer  Steuersignale 
(WE.STKMUX)  auf  zugefuhrte  Mikroinstruktio- 
nen  (10-s)  hin; 

50 
eine  mit  der  Mikroinstruktionsdekodiereinrich- 
tung  (100)  verbundene  und  auf  ein  oder  meh- 
rere  Steuersignale  reagierende  Last-in-First- 
out-Stapelspeichereinrichtung  (130)  zum  Emp- 

55  fangen  und  Speichern  mehrerer  Mikroinstruk- 
tionsadressen; 

eine  Unterbrechungslogikeinrichtung  (176),  die 
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auf  das  Unterbrechungsbetriebsartsignal 
(INTR)  reagiert; 

eine 
Mikroinstruktionsadressenspeichereinrichtung  5 
(158,154),  die  auf  die  Unterbrechungslogikein- 
richtung  reagiert;  und 

eine  Treibereinrichtung  (164)  fur  den  bidirektio- 
nalen  Ausgangsbus  (162,166);  10 

wobei  die  Unterbrechungslogikeinrichtung 
(176)  auf  das  Unterbrechungsbetriebsartsignal 
hin  Gattersignale  (178)  erzeugt  und  die  Deko- 
diereinrichtung  (100),  die  Last-in-First-out-Sta-  is 
pelspeichereinrichtung  (130),  die  Mikroinstruk- 
tionsadressenspeichereinrichtung  (1  58,1  54) 
und  die  Treibereinrichtung  (164)  auf  diese  Gat- 
tersignale  derart  reagieren,  da/S  eine  in  der 
Mikroinstruktionsadressenspeichereinrichtung  20 
(154)  gespeicherte  Adresse  inkrementiert  wird, 
die  Treibereinrichtung  (164)  daran  gehindert 
wird,  diese  inkrementierte  Adresse  an  den 
Ausgangsdatenbus  (166)  zu  ubermitteln,  die 
Dekodiereinrichtung  Steuersignale  25 
(WE.STKMUXCTL)  erzeugt,  die  bewirken,  da/3 
die  inkrementierte  Adresse  in  der  Last-in-First- 
out-Stapelspeichereinrichtung  (130)  gespei- 
chert  wird,  die  Mikroinstruktionsadresse  einer 
ersten  Instruktion  einer  dem  Unterbrechungs-  30 
betriebsartsignal  zugeordneten  Unterbre- 
chungsroutine  an  einem  dem  bidirektionalen 
Ausgangsdatenbus  zugeordneten  Eingangsda- 
tenbus  empfangen  wird  und  die  erste  Instruk- 
tion  in  der  Mikroinstruktionsadressenspeicher-  35 
einrichtung  (158,154)  gespeichert  wird; 

dadurch  gekennzeichnet,  da/S 

die  Unterbrechungslogikeinrichtung  (176)  fer-  40 
ner  auf  ein  Trap-Betriebsart-Signal  (TRP)  rea- 
giert,  welches  den  Abbruch  der  momentanen 
Mikroinstruktion  und  die  Wiederausfuhrung  der 
Mikroinstruktion  veranla/St,  wenn  die  Trap-Be- 
triebsart  beendet  ist,  und  45 

die  Unterbrechungslogikeinrichtung  (176)  auf 
das  Trap-Betriebsart-Signal  hin  Gattersignale 
erzeugt  und  die  Dekodiereinrichtung  (100),  die 
Last-in-First-out-Stapelspeichereinrichtung  so 
(130),  die  Mikroinstruktionsadressenspeicher- 
einrichtung  (158,  154)  und  die  Treibereinrich- 
tung  (164)  auf  diese  Gattersignale  derart  rea- 
gieren,  da/S  eine  in  der  Mikroinstruktionsadres- 
senspeichereinrichtung  (158,  154)  gespeicherte  55 
Adresse  nicht  inkremetiert  wird,  die  Treiberein- 
richtung  (164)  daran  gehindert  wird,  die  nicht 
inkrementierte  Adresse  an  den  Ausgangsda- 

tenbus  (166)  zu  ubermitteln,  die  Dekodierein- 
richtung  Steuersignale  (WE.STKMUXCTL)  er- 
zeugt,  die  bewirken,  da/S  die  nicht  inkremen- 
tierte  Adresse  in  der  Last-in-First-out-Stapel- 
speichereinrichtung  (130)  gespeichert  wird,  die 
Mikroinstruktionsadresse  einer  ersten  Instruk- 
tion  einer  dem  Trap-Betriebsart-Signal  zuge- 
ordneten  Trap-Routine  an  einem  dem  bidirek- 
tionalen  Ausgangsdatenbus  zugeordneten  Ein- 
gangsdatenbus  empfangen  wird  und  die  erste 
Instruktion  in  der  Mikroinstruktionsadressen- 
speichereinrichtung  (158,154)  gespeichert  wird. 

2.  Mikroprogrammfolge-Steuervorrichtung  nach 
Anspruch  1,  dadurch  gekennzeichnet,  da/S  die 
Steuervorrichtung  auf  ein  Taktsignal  (CLK)  rea- 
giert,  gekennzeichnet  durch 

(a)  eine  mit  der  Last-in-First-out-Stapelspei- 
chereinrichtung  (130)  und  der  Adressen- 
speichereinrichtung  (154)  verbundenen  er- 
sten  Multiplexereinrichtung  (116),  die  zur 
wahlweisen  Kopplung  der  Last-in-First-out- 
Stapelspeichereinrichtung  oder  der  Adres- 
senspeichereinrichtung  mit  einem  Ausgang 
der  ersten  Multiplexereinrichtung  (116)  auf 
von  der  Dekodiereinrichtung  (100)  erzeugte 
Steuersignale  reagiert,  wobei  an  den  Aus- 
gang  die  momentan  erzeugte  Instruktions- 
adresse  anliegt, 
(b)  eine  zwischen  den  Ausgang  der  ersten 
Multiplexereinrichtung  (116)  und  die  Last-in- 
First-out-Stapelspeichereinrichtung  (130)  ge- 
schaltete  Ruckkehradressenspeichereinrich- 
tung  (175),  die  zum  Empfangen  einer  In- 
struktionsadresse  und  zum  zeitweiligen 
Speichern  der  Adresse  wahrend  eines  Takt- 
zyklus  und  zum  wahrend  des  nachfolgen- 
den  Taktzyklus  erfolgenden  Ubermitteln  der 
Instruktionsadresse  an  die  Last-in-First-out- 
Stapelspeichereinrichtung  (130)  auf  das 
Taktsignal  (CLK)  reagiert, 
(c)  eine  mit  dem  Ausgang  der  Treiberein- 
richtung  (164),  dem  Ausgang  der  ersten 
Multiplexereinrichtung  (116),  der  Adressen- 
speichereinrichtung  (154)  und  der 
Unterbrechungs-/Trap-Logikeinrichtung 
(176)  verbundenen  zweiten  Multiplexerein- 
richtung  (172),  die  zur  wahlweisen  Kopplung 
des  Ausgangs  der  ersten  Multiplexereinrich- 
tung  (116)  oder  des  bidirektionalen  Aus- 
gangsdatenbus  (166)  mit  der  Adressenspei- 
chereinrichtung  (154)  auf  die  von  der 
Unterbrechungs-/Trap-Logikeinrichtung 
(176)  erzeugten  Gattersignale  reagiert, 

wobei  der  Eingang  der  Treibereinrichtung 
(164)  mit  dem  Ausgang  der  ersten  Multiple- 
xereinrichtung  (116)  verbunden  ist; 
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wobei  wahrend  eines  Taktzyklus  bei  in  der 
Unterbrechungs-Betriebsart  befindlicher 
Steuervorrichtung  die  Unterbrechungslogik- 
einrichtung  veranla/St,  da/S  die  Treiberein-  5 
richtung  (164)  die  Ubermittlung  der  inkre- 
mentierten  Adresse  von  dem  Ausgang  der 
ersten  Multiplexereinrichtung  (116)  zu  dem 
bidirektionalen  Ausgangsdatenbus  (166) 
sperrt,  und  ferner  veranla/St,  da/S  die  inkre-  10 
mentierte  Adresse  aus  der  Adressenspei- 
chereinrichtung  (154)  uber  die  erste  Multi- 
plexereinrichtung  (116)  und  wahrend  des 
nachfolgenden  Taktzyklus  uber  die  Ruck- 
kehradressenspeichereinrichtung  (175)  an  is 
die  Last-in-First-out-Stapelspeichereinrich- 
tung  (130)  ubermittelt  wird,  und  ferner  ver- 
anla/St,  da/S  die  inkrementierte  Adresse  uber 
den  bidirektionalen  Ausgangsdatenbus  (166) 
und  die  zweite  Multiplexereinrichtung  (172)  20 
an  die  Adressenspeichereinrichtung  (154) 
ubermittelt  wird,  und 

wobei  wahrend  eines  Taktzyklus  bei  in  der 
Trap-Betriebsart  befindlicher  Steuervorrich-  25 
tung  die  Unterbrechungslogikeinrichtung 
veranla/St,  da/S  die  Treibereinrichtung  (164) 
die  Ubermittlung  der  nicht  inkrementierten 
Adresse  aus  der  ersten  Multiplexereinrich- 
tung  (116)  sperrt,  ferner  veranla/St,  da/S  die  30 
nicht  inkrementierte  Adresse  aus  der  Adres- 
senspeichereinrichtung  (154)  uber  die  erste 
Multiplexereinrichtung  (116)  und  wahrend 
des  nachfolgenden  Taktzyklus  uber  die 
Ruckkehradressenspeichereinrichtung  (175)  35 
an  die  Last-in-First-out-Stapelspeicherein- 
richtung  (130)  ubermittelt  wird,  und  ferner 
veranla/St,  da/S  die  nicht  inkrementierte 
Adresse  uber  den  bidirektionalen  Ausgangs- 
datenbus  (166)  und  die  zweite  Multiplexer-  40 
einrichtung  (172)  an  die  Adressenspeicher- 
einrichtung  (154)  ubermittelt  wird. 

3.  Mikroprogrammfolge-Steuervorrichtung  nach 
Anspruch  2,  dadurch  gekennzeichnet,  da/S  die  45 
Unterbrechungslogikeinrichtung  (176)  auf  ein 
Trap-Betriebsart-Signal  reagiert,  welches  ein 
Signal  zum  Ubertrag  auf  die  Inkrementierein- 
richtung  enthalt,  und  die  Adressenspeicherein- 
richtung  (154)  aufweist:  so 

eine  mit  dem  Ausgang  der  zweiten  Multiplexer- 
einrichtung  (172)  verbundene  Adressenhalte- 
speichereinrichtung  (154),  die  zum  Empfangen 
der  von  der  Adressenspeichereinrichtung  emp-  55 
fangenen  Instruktionsadresse  und  zu  deren 
zeitweiligen  Speichern  fur  die  Dauer  eines 
Taktzyklus  auf  das  Taktsignal  reagiert,  und 

eine  mit  der  Adressenhaltespeichereinrichtung 
(154)  verbundene  und  uber  einen  Ausgang  mit 
der  ersten  Multiplexereinrichtung  (116)  verbun- 
dene  Inkrementiereinrichtung  (158),  die  zum 
wahrend  des  nachfolgenden  Taktzyklus  erfol- 
genden  Empfangen  der  in  der  Adressenhalte- 
speichereinrichtung  zeitweilig  gespeicherten 
Instruktionsadresse,  zum  wahlweisen  Inkre- 
mentieren  der  Adresse  auf  die  Gattersteuer- 
und  Ubertrag-Signale  hin  und  zum  Erzeugen 
der  inkrementierten  Adresse  an  dem  Ausgang 
der  ersten  Multiplexereinrichtung  (116)  auf  die 
Gattersignale  der  Unterbrechungslogikeinrich- 
tung  und  das  Ubertrag-Signal  reagiert, 

wobei  wahrend  der  Unterbrechungs-Betriebsart 
die  an  dem  bidirektionalen  Ausgangsdatenbus 
erzeugte  und  von  der  Adressenhaltespeicher- 
einrichtung  (154)  empfangene  und  zeitweilig 
gespeicherte  Instruktionsadresse  von  der  In- 
krementiereinrichtung  inkrementiert  wird,  und 

wobei  wahrend  der  Trap-Betriebsart  die  an 
dem  bidirektionalen  Ausgangsdatenbus  er- 
zeugte  und  von  der  Adressenhaltespeicherein- 
richtung  (154)  empfangene  und  zeitweilig  ge- 
speicherte  Instruktionsadresse  von  der  Inkre- 
mentiereinrichtung  nicht  inkrementiert  wird. 
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